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Abstract

Ponatinib is a third-generation tyrosine kinase inhibitor (TKI) reported to show a higher effi-
cacy for adult Philadelphia chromosome-positive acute lymphoblastic leukemia (Ph+ALL) than
other TKls. However, few studies describe ponatinib for pediatric Ph+ALL; therefore, the effi-
cacy, safety, and optimal dosage have not been determined. Here, we report a 3-year-old girl
with Ph+ALL treated by a ponatinib-containing regimen with therapeutic drug monitoring in
the plasma and cerebrospinal fluid (CSF). In our case, a ponatinib-containing regimen was able
to keep minimal residual disease negative, and the pharmacokinetics (PKs) of plasma pona-
tinib resembled that previously reported in adults. Penetration to the CSF was extremely lim-
ited. Thus, ponatinib was feasible and effective for a child with Ph+ALL, although the plasma
concentration of ponatinib varied significantly throughout the treatment. The appropriate
dosage should be confirmed in a prospective trial, including a detailed PK study.
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Introduction

The clinical outcome of pediatric Philadelphia chromosome-positive acute lympho-
blastic leukemia (Ph+ALL) has improved dramatically since the introduction of imatinib.
Imatinib has enabled most children with Ph+ALL to avoid allogenic hematopoietic stem
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Fig. 1. A Pharmacokinetics (PKs)
of ponatinib after initiation (dose: 1
10 mg/day) during re-induction 0 5 10 15 20 25 30
chemotherapy. B PK of ponatinib Time (hr)

during steady phase (solid line:
10 mg/day, dotted line: 15 mg/
day). The steady-phase plasma
concentration was measured af-
ter the patient received the same
dose for a week. C Schematic of
ponatinib trough plasma concen-
tration during chemotherapy. In-
tensive chemotherapy included
re-induction block 2 and intensifi- 1
cation block 2. Daily ponatinib
dose was adjusted between 0 and
15 mg based on trough plasma
concentration and medical ad-
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cell transplantation (allo-HSCT) as the first complete response [1]. However, dasatinib, a
second-generation tyrosine kinase inhibitor (TKI), failed to show a higher efficacy than
imatinib in the Children’s Oncology Group (COG) AALL0622 trial [2]. Ponatinib (ICLUSIG®)
is a third-generation TKI reported to show higher efficacy for adult Ph+ALL than other
TKIs [3]. In adult Ph+ALL, allo-HSCT for the first complete response is still a standard
treatment. However, some clinical studies have suggested the possibility of avoiding allo-
HSCT by using ponatinib-containing regimens [3]. However, few studies describe pona-
tinib for pediatric Ph+ALL; therefore, the efficacy, safety, and optimal dosage have not
been determined.

Here, we report a case of pediatric Ph+ALL treated with a ponatinib-containing regimen
with therapeutic drug monitoring in the plasma and cerebrospinal fluid (CSF). Ponatinib
concentrations in the plasma and CSF were measured using liquid chromatography-tandem
mass spectrometry as previously described, with some modifications [4].
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Case Report

A 3-year-old girl experienced long-lasting fever and pallor and was admitted to our
hospital. She presented with systemic lymphadenopathy and hepatosplenomegaly. Labo-
ratory analysis showed the following: white blood cell count: 595,720/uL (blasts: 49.5%),
hemoglobin: 3.6 g/dL, and platelets: 29,000/uL. There were no extramedullary lesions;
however, CSF cytology indicated central nervous system (CNS) infiltration. Minor BCR-ABL
transcripts were detected by fluorescent in situ hybridization and quantitative reverse tran-
scription-polymerase chain reaction (RT-PCR) (6.7 x 10* copies/ug RNA). She responded
poorly to prednisolone. Therefore, we started induction chemotherapy based on the Japan
Association of Childhood Leukemia Study (JACLS) HR-02 concurrent with dasatinib 60 mg/
m?/day [5]. Her parents provided consent for treatment. After induction chemotherapy,
complete cytogenetic remission was achieved; however, minimal residual disease (MRD)
measured by RT-PCR of minor BCR-ABL fusion transcripts was detected atalevel of 1 x 10,
Dasatinib was continued based on the COG AALL0622 protocol. After intensification block 1,
MRD was still detected. Therefore, after obtaining written informed consent, we switched
dasatinib to ponatinib from re-induction block 2.

[nitially, we started ponatinib at a dose of 10 mg/day (equivalent to 30 mg/day in adults
by Augsberger’s method). The daily ponatinib dose was adjusted by assessing the plasma
concentration and adverse clinical events. The plasma concentration-time profiles following
a single oral dose and during steady-state are shown in Figure 1A and B. In addition, pene-
tration to the CSF was extremely limited with a peak concentration of 0.1 ng/mL. After
increasing to 15 mg/day, the patient developed hypertension and required an antihyper-
tensive agent. After high-dose methotrexate therapy, we needed to stop ponatinib because of
acute kidney injury owing to delayed methotrexate elimination. After 3 weeks of withdrawal,
ponatinib was restarted at a dose of 5 mg/day and gradually increased according to plasma
concentration. After the introduction of ponatinib, MRD disappeared after re-induction block
2. Therefore, ponatinib was continued concurrently with the AALLO622 protocol. Finally,
ponatinib at a dose of 5 mg was continued throughout maintenance chemotherapy. During
the maintenance phase, she presented several mild complications, such as abdominal pain,
otalgia, aspartate aminotransferase and alanine aminotransferase elevation, and hyperbiliru-
binemia; however, these complications were controllable by standard supportive therapy.
Growth deceleration in height was observed throughout her treatment. We evaluated the
plasma ponatinib concentration non-periodically during her treatment (Fig. 1C). During the
maintenance phase, the plasma trough concentrations of ponatinib at a dose of 5 mg/day
were lower than those during the re-induction phase. At present, she has completed mainte-
nance chemotherapy and receives careful observation without HSCT.

Discussion

This is the first report of the detailed monitoring of ponatinib in a pediatric patient with
Ph+ALL. The pharmacokinetics (PKs) during the initiation phase resembled those in a phase
[ study of adult Ph+ALL [3], but the trough value of ponatinib varied significantly throughout
treatment. Following single 45-mg doses of ponatinib in the adult, peak concentrations were
observed approximately 4 h after administration, and the terminal elimination half-life was
22 h. In adults, steady-state conditions are typically achieved within 1 week of continuous
dosing. Moreover, it has been reported that the trough value of ponatinib is stable throughout
each treatment phase in adult Ph+ALL cases [6]. In our case, the trough value of ponatinib
varied throughout each treatment phase despite the same daily dose, which implied insta-
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bility of the ponatinib plasma concentration. One possible reason is the effect of chemothera-
peutic agents on metabolism. Ponatinib is metabolized to an inactive carboxylic acid by
esterases, amidases, and CYP3A4, CYP2C8, CYP2D6, and CYP3AS5 to an N-desmethyl metab-
olite thatis four times less active than ponatinib. The carboxylic acid and N-desmethyl metab-
olite comprise 58 and 2% of the circulating ponatinib, respectively. The metabolic activity of
CYP enzymes is easily affected by many antileukemic agents, such as vincristine, cyclophos-
phamide, and etoposide. As the pediatric ALL regimen is more complicated than the adult ALL
regimen, the instability of the ponatinib plasma concentration in pediatric cases may be
different from that in adult cases.

Severeadverse eventsassociated with ahigh ponatinib concentration have beenreported,
and even concentrations as low as 40 nM can induce severe adverse events [6]. Therefore, it
is important to determine the appropriate dose of ponatinib based on the trough concen-
tration in pediatric cases. The CSF penetration of ponatinib was as low as that reported previ-
ously [3]. The efficacy of ponatinib for CNS leukemia has not yet been proven. It has been
reported that dasatinib slightly crosses the blood-brain barrier (BBB) and is an efficient
therapy for CNS Ph+ALL [7]. However, there are limited data on whether ponatinib crosses
the BBB as well. Abid and De Mel [8] presented a case that showed CNS relapse during pona-
tinib treatment and concluded that ponatinib does not penetrate the CSF. However, Masuda
et al. [9] showed successful experiences for Ph+ALL cases with CNS relapse using ponatinib
concomitant with ALL chemotherapy. From our result, ponatinib showed a slight CNS pene-
tration. Additionally, our case is now successfully managed without cranial irradiation,
though CNS infiltration was positive. Therefore, our case might demonstrate the potential
utility of ponatinib for managing CNS leukemias.

Conclusion

Ponatinib was feasible and effective for a child with Ph+ALL. The plasma concentration
of ponatinib varied significantly throughout treatment. The appropriate dosage may need to
be determined by considering simultaneously used anti-leukemic agents. Further clinical
trials, including a detailed PK study, are required.
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